Alkaloid extracts of eleven Narcissus (Amaryllidaceae) species and varieties were studied with respect to their acetylcholinesterase (HuAChE) and butyrylcholinesterase (HuBuChE) inhibitory activity and alkaloid patterns. Forty-two alkaloids were determined by GC/MS, and thirty of them identified from their mass spectra, retention times and retention indexes. Promising HuAChE inhibition activity was demonstrated by nine Narcissus taxa and HuBuChE inhibition by Narcissus poeticus cv. Pink Parasol with an IC 50 value of 3.3 ± 0.5 μg/mL. The alkaloid identified as (11C-S)-homolycorine was isolated in pure form from Narcissus Sir W. Churchill using preparative TLC and was tested for its biological activity. Homolycorine inhibited HuAChE and HuBuChE in a dosedependent manner with IC 50 values of 63.7±4.3 μM and 151.0±15.2 μM, respectively.
The genus Narcissus comprises around one hundred wild species, and is mainly distributed in south-western Europe and North Africa, with some populations in the Balkans, Italy and France. Most of the species can hybridize, although fertility depends upon the parental relationship. In fact, hybridization has become very popular and a large number of cultivars has been developed for ornamental purposes, with over 27,000 names of Narcissus cultivars now registered in the International Daffodil Register [6] .
Only a few studies have been published on the galanthamine content of ornamental Amaryllidaceous plants. The Narcissus cultivars have some advantages for alkaloid production with respect to wild sources of Amaryllidaceae alkaloids in which their production is influenced by growth conditions and the chemical composition of the soil [7] . Phytochemical studies made on Narcissus cultivars showed that the content of galanthamine was unaffected by planting depth and density, bulb size or flower bud removal [8] , but it was positively influenced by standard fertilization levels of nitrogen and potassium in the cultivar 'Carlton' [9] . Another advantage is that ornamental Narcissus cultivars are commercial available in sufficient quantities and thus they can be used for isolation of biological active Amaryllidaceae alkaloids, for example, for medicinal purpose. Most of the phytochemical studies made on ornamental Amaryllidaceous plants have been focused on the content of galanthamine in the bulbs and leaves [10, 11] . However, there are only a limited number of papers dealing with a complete alkaloidal profile of these plants.
The main Amaryllidaceae alkaloids can be easily subjected to GC/MS analysis without previous derivatization and with only few exceptions they show a mass fragmentation pattern very similar to those obtained under direct insertion [12] . In some cases, the GC/MS screening of plant material has revealed compounds with unknown mass spectra, which has resulted in the isolation and spectroscopic identification of new natural bioactive molecules.
In this work, nine ornamental varieties and two botanical species of Narcissus have been evaluated for their alkaloid profile by GC/MS, as well as their acetylcholinesterase and butyrylcholinestase inhibitory activity.
In the bulb extracts of the studied species, forty-two compounds with typical mass spectra of Amaryllidaceae alkaloids were detected. Twenty-nine of them were identified based on their mass spectra, retention times and retention indexes, and belong to the crinine, haemanthamine, galanthamine, lycorine, homolycorine and tazettine structural types of Amaryllidaceae alkaloids. The relative proportion of each alkaloid was determined as a percentage of the total ion current (TIC). The peak areas reflect the ability of each compound to be ionized and thus the data given in Table 1 are semiquantitative. Nevertheless, they can be used for comparison between samples.
In the Narcissus extracts we detected a wide range of homolycorine-type alkaloids for which identification by GC/MS with only EI ionization is relatively complicated. With the exception of galwesine and 8-O-demethylgalwesine, the rest of the homolycorine-type alkaloids show weak molecular ions (lower than 1%). Therefore, we used GC/MS with chemical ionization for the Values less than 0.10 are described as "tr" (trace).
determination of the molecular ions of these alkaloids. These alkaloids produce intensive fragments in the low mass range representing the pyrrolidine ring fragments, and less intensive ion fragments in the middle mass range, which encompasses the aromatic lactone or hemiacetal moiety [13] . The most intensive ion at m/z 109 in the spectra indicates no substitution at C-2. We detected eight compounds of the homolycorine type, with a base ion at m/z 109 (6, 9, 10, 11, 17, 26, 33 and 37), but were able to identify only six of them (6, 10, 17, 26, 33 and 37) using mass spectra, retention times, retention indexes, and comparison with the literature and authentic samples isolated in our laboratory (37). The remaining two alkaloids (9, 11) were left unidentified and further isolation and spectroscopic studies of these compounds are necessary for their proper identification. Unfortunately, taking into account their low concentrations (< 3% of TIC), their isolation might be problematic. The homolycorine structural type with the hydroxy group at C-2 was indicated by the fragmentation with a base ion at m/z 125 and an intensive ion at m/z 96 (30-40% of base ion) [13, 14] . We identified three alkaloids of this structural pattern (27, 29 and 40) , with one left unidentified (38). The rich sources of homolycorine alkaloids were three Narcissus cultivars: Gigantic Star, Pink Parasol and Sir W. Churchill. Homolycorine (37) was identified as a major component (61% of TIC) of Narcissus Sir W. Churchill and we were able to isolate this alkaloid from the extract in pure form using preparative TLC.
In most Narcissus species, the common Amaryllidaceae alkaloids galanthamine (1), haemanthamine (28) , galanthine (34) and lycorine (35) were found as major components of extracts ( Table 1 ). The GC-MS results also showed the presence of compounds with unknown EI fragmentation patterns (already mentioned homolycorine-type alkaloids and others: 5, 14, 15, 18, 20, 22, 31, 39 and 41), the isolation of which could lead to the identification of new Amaryllidaceae alkaloids.
The HuAChE and HuBuChE inhibitory activities of the studied species and varieties were determined by the method employed by Ellman et al. [15] . The results (IC 50 ) are summarized in Table 2 . It is reported that, among the plants of the family Amaryllidaceae, AChE inhibitory activity is associated mainly with galanthamine and lycorine-type alkaloids [10, 16] . This fact correlates with our HuAChE inhibitory activity results. From the known AChE inhibitors, we identified only galanthamine, which must be responsible for the activity of extracts. In two species, N. lobularis and N. poeticus cv. Pink Parasol, we found only trace amounts of galanthamine and also these extracts were considered inactive (IC 50 > 100 mg/mL).
The principal role of AChE is the termination of nerve impulse transmission at the cholinergic synapses by rapid hydrolysis of acetylcholine (ACh). However, not only AChE participates in the cholinergic regulation of the central nervous system (CNS) in humans, but also another enzyme, butyrylcholinesterase (BuChE), which is able to hydrolyze ACh, as well as other esters [17] . In severe AD, levels of AChE and choline acetyltransferase are decreased by as much as 90% compared with the normal stage, while the concentration of BuChE increases [18] . This fact has targeted BuChE as a new approach to affect the progression of AD. However, there is very little information about the BuChE inhibition activity of the Amaryllidaceae alkaloids, with the exception of belladine [19] and thirteen alkaloids that we isolated from Zephyranthes robusta [20] . In this study only galanthamine showed moderate HuBuChE inhibition activity with an IC 50 value of 42.3 ± 1.3 µM [20] . Therefore, it is impossible to draw conclusions as yet on the influence of particular functionalities on the BuChE inhibition activity of Amaryllidaceae alkaloids. A wider range of these compounds must be isolated and tested first. In the current study, the best HuBuChE inhibition activity was demonstrated by N. poeticus cv. Pink Parasol with an IC 50 value of 3.3 ± 0.5 μg/mL ( Table 2 ). The alkaloid pattern of this variety was dominated by homolycorine-type alkaloids, namely hippeastrine (40; 31% of TIC) and an unidentified alkaloid A11 (38; 17% of TIC), which is of the homolycorine-type with a hydroxy group at C-2 (base ion at m/z 125; Table 1 ).
The isolated alkaloid (11C-S)-homolycorin showed only moderate HuAChE and weak HuBuChE inhibition activities with IC 50 values of 63.7 ± 4.3 μM and 151.0 ± 15.2 μM, respectively.
In conclusion, the ornamental Narcissus taxa are important sources of Amaryllidaceae alkaloids. The content of galanthamine, which is used in the treatment of AD, can vary remarkably among the different varieties ( Table 1) . Some of them could be proposed as a source of galanthamine for the pharmaceutical industry. Some cultivars are also rich sources of homolycorine-type alkaloids, which are not very common in the Amaryllidaceae family, and their biological activity is mostly unknown. In fact, they are found only in genera such as Brunsvigia, Crinum, Boophane and very rarely in Pancratium [26, 27] . Detailed phytochemical study of homolycorine alkaloid-rich Narcissus varieties could lead to the isolation, structural determination and biological assays of new homolycorine-type alkaloids.
Experimental

Plant materials:
The fresh bulbs of all Narcissus species were obtained from the herbal dealer Lukon Glads (Sadská, Czech Republic). Voucher specimens are deposited in the herbarium of the Faculty of Pharmacy in Hradec Králové.
Extraction of alkaloids:
Fresh bulbs (3 x 15 g) were extracted 3 times with EtOH (50 mL) at room temperature for 24 h. The solvent was evaporated under reduced pressure and the residue dissolved in 10 mL 2% HCl. After removal of neutral compounds with diethyl ether (3 x 15 mL), the extract was basified with 25% ammonia solution and the alkaloids extracted with EtOAc (3 x 15 mL). The organic solvent was evaporated and 10 mg of each alkaloid extract was used for acetylcholinesterase and butyrylcholinesterase assay. The rest of the dry alkaloid fraction was dissolved in MeOH to a final concentration of 1 mg/mL for further analysis.
GC/MS analysis and identification of alkaloids:
GC/MS analysis was performed on an Agilent 7890A GC 5975 inert MSD operating in EI mode at 70 eV (Agilent Technologies, Santa Clara, CA, USA).
The separation was carried out on a DP-5 MS column (30 m × 0.25 mm × 0.25 μm, Agilent Technologies Santa Clara, CA, USA). The temperature program was from 100-150°C at 15°C/min, 1 min hold at 180°C and then 180°C-300°C at 5°C/min and 35 min hold at 300°C. The injector temperature was 280°C. The flow rate of carrier gas (helium) was 0.8 mL/min. The detection range was m/z 35-600, and the detector temperature 200°C. An injection of 1 µL of alkaloid solution (1 mg/mL) was introduced in split mode (split ration 1:10). The individual alkaloids were identified based on comparison of their MS with those in the NIST library, with reported spectra in the literature, and finally with spectra of reference compounds isolated earlier in our laboratory.
The confirmation of molecular weight was accomplished by a GCMS-QP2010 plus system with chemical ionization (Shimadzu, Japan (20 mg) . The structure was determined by comparison of its mass and NMR spectra, and additional physical properties with literature values [13, 14] .
Preparation of red blood cell ghosts:
Ghosts were prepared from freshly withdrawn blood (taken from healthy volunteers) according to the method of Steck and Kant [28] , with slight modification. One mL of sodium citrate solution (3.8%, Hoechst Biotika, Slovakia) was added to 10 mL of blood. Then the plasma (HuBuChE) was obtained by centrifugation at 4000 rpm in a Boeco U-32R centrifuge with a Hettich 1611 rotor. Red blood cells were transferred into 50 mL tubes and washed 3 times with 5 mM phosphate buffer (pH 7.4; 5 mL buffer/1 mL of erythrocytes) containing 150 mM sodium chloride (12,000 rpm, Avanti J-30I, rotor JA-30.50). The washed erythrocytes were stirred with 5 mM phosphate buffer (pH 7.4) for 10 min to ensure lysis. The lysed cells were centrifuged at 20,000 rpm for 10 min. Finally the ghosts (HuAChE) were washed 3 times with phosphate buffer.
Acetylcholinesterase and butyrylcholinesterase assay:
HuAChE and HuBuChE activities were determined using a modified method of Ellman et al. [15] at concentrations of 0.5, 2.5, 5, 12.5, 25, 50, 125, 250 and 500 μg/mL, using acetylthiocholine iodide (ATChI) and butyrylthiocholine iodide (BuTChI) as substrates, respectively. Briefly, 8-15 μL of either ghosts or plasma, 215 μL of 5,5´dithiobis-2-nitrobenzoic acid (DTNB) and 8 μL of either the sample or appropriate solvent, as a blank sample, were added to the microplate. The reaction was initiated by addition of either ATChI
